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ABSTRACT 



We report data for I band Surface Brightness Fluctuation (SBF) magnitudes, (V—I) 
colors, and distance moduli for 300 galaxies. The Survey contains E, SO and early-type 
spiral galaxies in the proportions of 49:42:9, and is essentially complete for E galaxies 
to Hubble velocities of 2000 km s -1 , with a substantial sampling of E galaxies out to 
4000 km s -1 . The median error in distance modulus is 0.22 mag. 

We also present two new results from the Survey. (1) We compare the mean peculiar 
flow velocity (bulk flow) implied by our distances with predictions of typical cold dark 
matter transfer functions as a function of scale, and find very good agreement with 
cold, dark matter cosmologies if the transfer function scale parameter T, and the power 
spectrum normalization cr 8 are related by cr 8 r~ a5 w 2 ± 0.5. Derived directly from 
velocities, this result is independent of the distribution of galaxies or models for biasing. 
The modest bulk flow contradicts reports of large-scale, large-amplitude flows in the 
~ 200 Mpc diameter volume surrounding our Survey volume. (2) We present a distance- 
independent measure of absolute galaxy luminosity, N, and show how it correlates with 
galaxy properties such as color and velocity dispersion, demonstrating its utility for 
measuring galaxy distances through large and unknown extinction. 

Subject headings: galaxies: distances and redshifts — galaxies: clusters: individual 
(Virgo, Centaurus) - cosmology: distance scale - cosmology: large-scale structure of 
universe 
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1. Introduction: A Brief History of SBF 

The /-band Surface Brightness Fluctuation 
(SBF) Survey was undertaken to measure ac- 
curate distances to nearby galaxies in the ex- 
pectation of tying Cepheid distances to the far- 
field Hubble flow and substantially improving our 
knowledge of the local velocity field. The Sur- 
vey was inaugurated with the work of Tonry, 
Ajhar, & Luppino (1990), who measured VRI 
SBF magnitudes with the Kitt Peak 4 m tele- 
scope for 14 early-type galaxies, mostly members 
of the Virgo cluster. Tonry (1991) followed with 
the first fully empirical, though provisional, cal- 
ibration of the method, based on the Cepheid 
distance to M31 and the color dependence of the 
/-band SBF magnitude mj for Fornax cluster 
galaxies observed with the 4 m telescope at Cerro 
Tololo. The data collection has spanned a decade 
now, with most of the recent northern data com- 
ing from the MDM 2.4 m on Kitt Peak and the 
southern data coming from the Las Campanas 
2.5 m. A recent review of SBF can be found in 
Blakeslee, Ajhar, & Tonry (1999). 

The present series of papers began with Tonry 
et al. (1997, hereafter SBF-I), which detailed 
how the SBF survey data from different tele- 
scopes and observing runs were intercompared 
and brought into a homogeneous system, and 
how error estimates were derived. In SBF-I, a 
new /-band calibration with a significantly differ- 
ent zero point was presented, and various meth- 
ods were used to tie to the far-field Hubble flow 
in order to derive the Hubble constant. Tonry 
et al. (2000, SBF-II) used the SBF survey data 
to construct a parametric flow model which in- 
cluded infall into the Virgo and the Great At- 
tractors, a residual quadrupole, an overall dipole 
(bulk flow of the sample) , the cosmic thermal ve- 
locity dispersion, and the Hubble constant, all 
as free parameters. SBF-II also revised the zero 
point by using the latest Cepheid distances tab- 
ulated by Ferrarese et al. (2000) and the new 
DIRBE /IRAS Galactic extinction estimates from 



Schlegel, Finkbeiner, & Davis (1998). Blakeslee 
et al. (1999, SBF-III) used the same data set to 
compare the measured SBF peculiar velocities to 
predictions that derived from the galaxy density 
field measured by flux-limited redshift surveys, 
under the assumption that light traces mass with 
a linear biasing prescription. This comparison 
yielded values for both the Hubble constant and 
(3 = f2 0,6 /6, where Q, is the matter density and b 
is the linear bias of the observed galaxies. 

In addition to the /-band ground-based sur- 
vey, there have been a number of recent SBF ef- 
forts in the F814W filter of WFPC2 on the Hub- 
ble Space Telescope (HST). Ajhar et al. (1997) 
gave the initial calibration of the method for this 
filter. Lauer et al. (1998) measured SBF dis- 
tances to four brightest cluster ellipticals at dis- 
tances of ~ 5000 km s -1 , and Pahre et al. (1999) 
measured the distance to NGC 4373 in the Hydra- 
Centaurus supercluster. 

Recently, SBF measurements in near-infrared 
bandpasses have been added. Jensen, Luppino, 
& Tonry (1998a, 1998b) measured /T-band SBF 
distances to galaxies in the Virgo, Fornax, Eri- 
danus, Centaurus, and Coma clusters. Another 
HST study (Jensen et al. 2000, in preparation) 
calibrates the F160W near-infrared NICMOS fil- 
ter for use with SBF and samples the Hubble flow 
out to 10,000 km s" 1 . The use of SBF in stellar 
population synthesis has received renewed inter- 
est of late (e.g. Liu, Chariot, &: Graham 2000; 
Blakeslee, Vazdekis, & Ajhar 2000), both as a 
means for probing stellar populations and as an 
independent check of the Cepheid distance scale. 
These efforts underscore the importance of a solid 
empirical calibration of the method. 

In this paper, we present and discuss the data 
from our /-band SBF distance survey and present 
two new results based on these data. 

2. The Galaxy Sample 

Because it was our intent to make this sur- 
vey as homogeneous as possible our observations 
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span the entire sky, except for incomplete sam- 
pling of the zone of avoidance. It is difficult to 
make a really quantitative statement of our se- 
lection function, because SBF observability de- 
pends strongly on the atmospheric seeing, and 
we were quite limited by the availability of tele- 
scope time at the many facilities that were used 
to conduct this study. However, guide, we 
can compare with the RC3: Figure 1 shows how 
the cumulative counts rise with redshift in the 
SBF sample and the RC3. These are counts of 
galaxies with < 12.5, which includes about 
63% of the galaxies in the SBF survey. We are 
nearly complete in E galaxies to a Hubble veloc- 
ity of 2000 km s -1 and have sampled a very sub- 
stantial fraction even to 4000 km s^ 1 . The higher 
incompleteness for SO's compared to E's reflects 
both the added difficulty of adequate modeling 
of disk + bulge for some SO galaxies and the fact 
that we chose not to observe many of the SO's in 
groups where we already had distances to ellip- 
tical galaxies. We have succeeded in measuring 
SBF magnitudes in only a few spiral galaxies, 
mostly ones with large, smooth bulges, and they 
are mostly at nearby distances where Cepheid 
observations are possible. 

Figure Q displays the distribution of galaxies 
in reddening-corrected (V—I) color. The colors 
used here (those in Table |l]) are derived from 
the regions of the galaxies in which the SBF 
analyses were performed. Overall, the mean 
color is (V— J)o = 1.145 and the rms disper- 
sion is 0.06 mag. The ellipticals follow a more 
or less Gaussian color distribution centered at 
(V— J)o = 1.165 with a dispersion of only 0.04 mag 
The blue tail extending to (V—I) < 1.0 is com- 
prised mainly of SO galaxies. 

3. Calibration Issues 

We described in SBF-I how we brought all 
of the photometry onto a common system and 
how we validated our error estimates for (V—I) 
and mi through multiple observations. Groups 
of galaxies were used to establish the slope of the 
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Fig. 1. — The cumulative counts of galaxies with 
Bt < 12.5 are shown for the RC3 (upper curves) 
and the SBF survey (lower curves). The three 
sets of curves show counts of E, SO, and Sa and 
Sb spiral galaxies with T < 3. 

mj- (V— I) relationship, and we compared the 
relative group distances with those from other 
distance estimators to demonstrate the apparent 
universality of the mj-(V—I) relationship. By 
comparison with the extant Cepheid distances 
we also chose a zero point for the Mi— (V—I) 
relation and reported that the relations for ellip- 
ticals, SO galaxies and spiral bulges are indistin- 
guishable with the present data. 

In SBF-II, we described our switch from the 
older Burstein & Heiles (1984) H i-derived extinc- 
tion estimates to the new Schlegel, Finkbeiner, 
& Davis (1998, hereafter SFD) extinctions based 
on the DIRBE/IRAS maps. The SFD values are 
preferable because of their greater homogeneity 
over the sky and greater angular resolution, and 
they are probably more accurate (see SFD). The 
change affects our reductions of both mj and 
(V—I) to extinction-free values. Despite an over- 
all shift in E(B—V) of nearly 0.02 mag, there 
was little change to the distance estimates for 
most galaxies because our zero point also comes 
from galaxies with revised extinction estimates. 
Nevertheless, these values for mi and (V—I) 
should not be mixed with previously published 
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Fig. 2.— The (V-I) distribution of SBF 
survey galaxies, represented by the shaded his- 
togram. The dashed curve shows for comparison 
a Gaussian of mean (V-I) = 1.16 and dispersion 
0.04 mag. 

data without due attention to the differing as- 
sumptions about extinction. 

The zero point for the Mj— (V— I) relation 
continues to be a work in progress, unfortunately, 
as we discuss in detail in SBF-II. While there is 
concurrence that the slope of the Mj~(V—I) re- 
lation derived in SBF-I is accurate, uncertainty 
in the zero point remains at the 0.1 mag level. 
Essentially, the SBF zero point can be calibrated 
using Cepheid distances or theory. The Cepheid 
distances can be applied to SBF measurements 
either galaxy by galaxy or through group associ- 
ation of galaxies with Cepheid distances to other 
galaxies with SBF distances. SBF-II adopted the 
former approach and derived 

Mi = -1.74±0.08 + (4.5±0.25)[(V-i) -1.15] 

(1) 

using the HST Key Project Cepheid distances 
(Ferrarese et al. 2000). The validity of this equa- 
tion has been tested for colors in the range of 
0.95 < (V— I)o < 1.30. Our zero point is based 
on the median value for six spirals with both 
Cepheid and SBF measurements; using a sim- 
ilar approach and a weighted average, Ferrarese 



et al. (2000) derived a zero point of -1.79±0.09. 

The uncertainty in the SBF zero-point is il- 
lustrated by comparing these values to the re- 
sult of the group-association method. As we dis- 
cuss in SBF-II, using a group association between 
Cepheid-bearing spirals and early-type galaxies 
with SBF measurements results in a significant 
change in the zero point to —1.61 ± 0.03. The 
fainter group-based calibration points to either 
systematically brighter SBF magnitudes for spi- 
ral bulges or, as found by Kelson et al. (2000) 
in the context of the fundamental plane calibra- 
tion, a systematic offset for the Key Project spi- 
rals to lie in front of the ellipticals in the same 
groups. Additional data will be needed to resolve 
the cause of this discrepancy and thereby firm up 
the SBF calibration. 

We emphasize that the error bars given here 
do not include the systematic uncertainty in the 
Cepheid zero point, estimated by Mould et al. 
(2000) to be ±0.16 mag, which allows for ±0.13 
mag of uncertainty in the adopted LMC distance 
modulus of 18.50 mag. This uncertainty should 
be taken seriously, since the distance to the LMC 
remains controversial. At the time of this writ- 
ing, Freedman et al. (2000) are preparing a ma- 
jor revision in the Cepheid distance scale based 
on a reassessment of the LMC distance from 
seven independent means, an improved PL re- 
lation based on the new, large sample of LMC 
Cepheids from the OGLE Project, and a small 
metallicity dependence for the PL relation. Ap- 
plication of these new Cepheid distances to our 
six calibrating galaxies will make our SBF cali- 
bration fainter by ~ 0.1 mag with a correspond- 
ing rise in the Hubble constant of about 5%. 

A final example of the continuing uncertainty 
in the SBF calibration comes from its derivation 
purely from stellar evolution theory and popu- 
lation synthesis. Worthey (1993a, 1993b, 1994) 
was the first to accurately reproduce the em- 
pirical slope of the Mj— (V— J) relation; these 
models gave a theoretical zero point of —1.81 
(see SBF-I) , consistent with the value in eq. ([[]) 
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from the Cepheid calibration. Liu et al. (2000) 
use an updated version of the Bruzual & Char- 
lot (1993) models with the isochrones of Bertelli 
et al. (1994) and find a similar I-band zero point 
value of —1.79. These authors revised the AGB 
evolution in their models because the original 
Bruzual & Chariot AGB prescription gave a Mj 
zero point significantly fainter than the empiri- 
cal result. The uncertainty in modeling the AGB 
is a lingering problem for the theoretical deriva- 
tion of the /-band zero point and will be an 
even bigger problem for the K band. Indeed, 
a fully independent re-derivation by Blakeslee 
et al. (2000) using new models based on the latest 
isochrones from the Padua group (Girardi et al. 
2000) and empirical color-temperature transfor- 
mations has yielded a value that is significantly 
different. They reproduce the observed fluctu- 
ation colors well and also match the empirical 
/-band slope, but find a zero point of —1.47, i.e., 
0.27 mag brighter than in eq. ([!]). The discrep- 
ancy drops to 0.14 mag for the SBF-II group cal- 
ibration, and then would essentially disappear for 
the revised Key Project Cepheid scale referred to 
above. As Blakeslee et al. discuss, the theoretical 
uncertainty also reflects a moderate sensitivity to 
the uncertain details of stellar evolution, for ex- 
ample, the distribution and lifetimes of stars on 
the red giant branch. 

Although we look forward to advances in stel- 
lar evolution theory that will allow a robust the- 
oretical SBF zero point, this is not likely to hap- 
pen soon. For now, the empirical zero point ap- 
pears more reliable. 

4. The Data 

Table 1 presents colors, fluctuation magni- 
tudes, and distance moduli of the galaxies in the 
SBF sample. The columns are (1) galaxy name; 
(2) right ascension (J2000) from the RC3; (3) 
declination (J2000); (4) redshift (kms -1 , CMB 
reference frame); (5) morphological T type; (6) 
group number as defined by the Faber et al. 
(1989 7S); (7) B band extinction adopted from 



SFD; (8) (V— J) color measured at radii indicated 
in column 11, error, and number of contribut- 
ing measurements; (9) I band fluctuation mag- 
nitude, error, and number of contributing mea- 
surements; (10) distance modulus using eq. ([!]) 
for Mr function of (V—I), including all 

sources of error except systematic error in the 
zero point; (11) mean annular radius (arcsec) 
contributing to the SBF measurement, ratio of 
the innermost contributing radius to the mean, 
and ratio of the outermost contributing radius to 
the mean; (12) observation quality, as defined in 
SBF-II: Q = log 2 [AT e (m)/PD 2 ], where N e (m) is 
the number of electrons that would be detected 
in the image from an object of magnitude m, 
and PD is the product of the full-width at half- 
maximum of the point spread function (PSF) in 
arcseconds and the CMB frame velocity in units 
of 1000 kms" 1 (so pd 2 is proportional to the 
metric area within a resolution element); (13) 
"pd" value defined above; and (14) Nj, discussed 
below. Note that the seeing (in arcseconds) of 
the observation can be derived as pd divided by 
the CMB velocity in units of 1000 kms -1 , ex- 
cept that galaxies within 3° of NGC 4486 and 
with heliocentric velocity less than 2400 kms -1 
were assigned a pd velocity of 1350 km s -1 , galax- 
ies within 2° of NGC 4709 and with heliocentric 
velocity between 3800 and 4800 kms -1 were as- 
signed a pd velocity of 3100 kms -1 , and other 
galaxies with a negative redshift were assigned a 
velocity of 10 kms -1 . 

Table 2 adds a few galaxies whose distances 
are potentially biased either because the seeing 
was poor for the distance (pd > 2.7) or the qual- 
ity was poor (Q < 0). These observations were 
deemed unacceptable for use in SBF-II, but we 
include them here despite the potential for bias 
they do provide at least crude distances and be- 
cause the photometry is good. (The data of Table 
2 might also be useful to further study of the de- 
gree of bias present in this data set.) We also in- 
clude NGC 3413 in this table because it is a very 
dusty galaxy and its color is significantly bluer 
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than our empirical calibration allows. NGC4627 
has likewise been relegated to this table for be- 
ing too blue. We still lack adequate photometry 
to provide colors for NGC 1331, NGC 3522, and 
IC 5269. The columns in this table are the same 
as with Table 1. We stress that these data should 
be used with caution and should not be mixed 
with the observations from Table 1. 

Tables 1 and 2 are available in digital form 



from http: / /www.ifa.hawaii.edu/'-^jt/SBF in ta- 
ble. good and table. poor. 

Table 3 gives values for fn in different band- 
passes. The columns are mostly self explana- 
tory, but the second column lists the mean radius 
(in arcsec) where the fluctuation magnitudes and 
colors were measured in NGC 205. These data 
come from a single observing run (M0893; see 
SBF-I for details), and although they are sub- 
jected to the same calibration as the other data, 
some of the m; will not be identical to Table 1. 
We hope, however, that the internal consistency 
of these data will be better than by using the 
average mj from Table 1 and therefore the fluc- 
tuation colors will be more accurate. Note that 
these data make it obvious that NGC 404 is not a 
member of the Local Group, but lies at a distance 
of about 3 Mpc. 

Table 4 gives "group average" distances for 
the galaxy defined in SBF-I. In particular, the 
membership criteria are based on position on the 
sky and redshift, not necessarily the group as- 
signment made by the 7S, although we give the 
group number defined by the 7S that most closely 
corresponds to the SBF groups. The distance er- 
rors do not take any account of the extent of the 
group, hence are probably unrealistically small. 
It would now probably be appropriate to select 
the groups with some knowledge of the SBF dis- 
tances (this would have been circular in SBF-I); 
what we present here is only meant as a rough 
guide to group properties. More precise group 
distances can be derived from better group defi- 
nitions and from Table 1. 



5. The Local Velocity Field 

Using the data just presented, we made a first 
effort to extract the peculiar velocities in SBF-II 
(where we fit a parametrized model) and SBF- 
III (where we match the flow field inferred from 
IRAS galaxy counts). The important results 
from those papers are that we prefer the value 
for H of 74 ± 4 from SBF-III (but dependent 
on the Cepheid zero point as described above). 
We find in SBF-III that /3j = ft a6 /&/ = 0.42 
for the IRAS 1.2 Jy survey (Fisher et al. 1995), 
and p = 0.26 for the "Optical Redshift Survey" 
(Santiago et al. 1995), which is consistent with 
biRAS = 1, b opt = 1.6, and Q M = 0.25 ± 0.05. 

Because of the interest over the last five years 
in even larger flows on very large scales (e.g., 
Lauer & Postman 1994; Hudson et al. 1999; 
Willick 1999), we wish to expand here on the 
result in SBF-II which contradicts these claims. 
Basically, the evidence is that, according to our 
SBF model, the major part of the CMB dipole 
is generated within a volume V < 5000 km s -1 . 
This means that to accept the existence of these 
larger bulk flows in a volume that is much larger 
than this (but includes it) is to find that our 
subvolume is basically at rest with respect to 
the CMB while material around that volume 
is, on average moving with a high velocity (> 
600 km s -1 ). This situation implies an improb- 
able, if not impossible, spectrum of initial fluc- 
tuations, very different from the scale-free power 
spectrum that underlies cold-dark-matter (CDM) 
models. 

In contrast, our measure of the bulk flow as 
a function of scale within our SBF Survey vol- 
ume is in good agreement with theoretical pre- 
dictions of typical cold-dark-matter (CDM) mod- 
els based on a scale-free power spectrum, as 
we now show. The "SBF-II model" gives us a 
smooth measure of mean velocity and velocity 
dispersion throughout the survey volume, which 
is valid within \SGX\, \SGY\ < 50 Mpc, and 
\SGZ\ < 25 Mpc. Figure illustrates how well a 
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Fig. 3. — The bulk flow observed and predicted 
in top-hat spheres of radius R is shown for typi- 
cal CDM models of the power spectrum (curves), 
a simulated universe with a T = 0.21, as = 0.94 
CDM power spectrum (large open points), and 
for the SBF-II observations (circles for SBF-II 
model, diamonds for Willick and Batra variant). 
The simulated universe encompasses many vol- 
umes equal to that of the SBF-II survey, and 
the rms variation in bulk flow seen from volume 
to volume is shown as error bars on the open 
points. Note that the radius is expressed in terms 
of h~ l Mpc for consistency with what is normally 
found in the literature. The rollover in the data 
points at R < 10/i -1 Mpc is caused by the lim- 
ited spatial resolution of the SBF-II model. 

typical CDM power spectrum matches the mean 
bulk flows of these data. 

The points are generated by computing the 
SBF-II model velocity with respect to the CMB, 
averaged over cubes of varying size. The RMS 
of all the cubes within the survey volume gives 
us a bulk flow on that scale. We assign an effec- 
tive spherical radius to the cube size by match- 
ing the volume of the sphere to that of the 
cube. The rolloff in the bulk flow data points at 
R < 10/i -1 Mpc is inherent in the parametrized 
model. 

Willick and Batra (2000) have recently reex- 
amined the SBF survey data and compared the 



peculiar velocities with those expected from the 
IRAS density distribution. In addition, they 
redetermined parameters for the SBF-II model, 
and the bulk flows from the Willick and Batra 
model are also shown in Figure [3| to give a sense 
of the uncertainty inherent in the interpolation 
of the SBF peculiar velocities by this parametric 
model. 

For comparison we also plot curves showing 
the bulk flow expected from a typical CDM 
power spectrum, using the parametrization of 
Bardeen et al. (1986) of the CDM transfer func- 
tion and a flat cosmology with Qm = 0.3, S7a = 
0.7. These transfer functions require a spatial 
scale parameter V ~ and a normalization 

which is commonly supplied by as, the rms mass 
fluctuation between spherical volumes of radius 
8 h^ 1 Mpc. We find that typical shape parame- 
ters of r = 0.16, 0.21, and 0.26, and correspond- 
ing normalizations of as = 0.83, 0.94, and 1.05 
match these observations of bulk flows very well. 

We find negligible difference whether we use a 
cube window function or a top-hat, with side and 
radius related as above. To demonstrate this we 
show in Figure || open points which come from 
a numerical simulation of a universe with the 
r = 0.21 and as = 0.94 CDM power spectrum 
and random phases. The bulk flows in this simu- 
lation were computed in disjoint cubes precisely 
in the same way as the data were treated (with 
the same assignment of top-hat radii). Since 
the simulated universe encompassed a volume 
which was 8192 times as large as the SBF sur- 
vey volume, it was also possible to assess the 
cosmic variance in bulk flow expected when ve- 
locity is measured within the finite SBF survey 
volume. This RMS variation, represented by the 
error bars on the simulation points in Figure 
||, demonstrates that it will not be easy to put 
stringent limits on the CDM transfer function 
shape parameter T or normalization as individ- 
ually, but that the combination crgr~ is fairly 
well constrained at ogr -0 - 5 ks 2 ± 0.5. This com- 
bination comes from the constraint these data 
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place on the slope of the power spectrum be- 
tween k ~ 0.2/iMpc -1 , which contributes to erg, 
and k ~ 0.04/iMpc -1 which contributes to bulk 
flows. The (one sigma) error bar is dominated by 
the cosmic variance expected in the rather small 
SBF survey volume. The value of this measure- 
ment, of course, is that it is directly sensitive to 
the mass fluctuations on scales of 50-200/i _1 Mpc 
without any recourse to galaxy distribution or 
bias models. 

In summary, the data of the SBF Survey seem 
completely compatible with conventional models 
of the formation of large scale structure, in con- 
trast to the implications of even larger scale flows 
that have been reported. 

6. Distance Independent Absolute Lumi- 
nosities: N 

Developing more accurate ways of measuring 
absolute luminosity for galaxies that is indepen- 
dent of distance is obviously important for a wide 
range of astronomical issues. SBF is another, 
we believe, major step in that program. In the 
course of this study we have investigated a fur- 
ther parameterization which is, in addition, inde- 
pendent of photometric calibration or extinction 
as well. This measure of the absolute luminos- 
ity comes from the ratio of the total apparent 
flux from the galaxy and the flux provided by 
the fluctuation signal. We express this in terms 
of magnitudes as the difference between the fluc- 
tuation magnitude and the total magnitude of 
the galaxy: 

N = rn — rriT- (2) 

We call N the "fluctuation star count:" it amounts 
to +2.5 log 10 of the total luminosity of the galaxy 
in units of the luminosity of a typical giant star. 

We give values for N in the last columns of 
Tables 1 and 2. The total magnitudes were de- 
rived from the SBF survey photometry. A pro- 
gram written by B. Barris fitted a modified Ser- 
sic model (i.e., exp(— r 1 /™)) and a sky offset to 
the azimuthally averaged profile (after removal 
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Fig. 4. — The (V— I) color of SBF galaxies is 
shown as a function of N. 

of stars and companion galaxies). The extrapo- 
lation to infinity was converted to a total appar- 
ent magnitude. The difference between this total 
magnitude and the fluctuation magnitude yields 
N. As is well known, this extrapolation can be 
quite uncertain because of the great extent of 
galaxies at low surface brightness; probably for 
this reason there are occasionally significant dis- 
crepancies between our total magnitudes in the 
I band and Bt values from the RC3 (which gen- 
erally are derived forcing n to be 4). Therefore, 
we urge care in use of values of It recovered from 
the values we give for N. 

Not surprisingly, this absolute luminosity cor- 
relates with color; Figure || shows the dependence 
of (V—I) on N. This correlation is approxi- 
mated by 

(V-I) = 0.50 + 0.032iV (3) 

The slope of the relation is so shallow that a 
very large error in N has negligible effect on the 
prediction of (V—I) (a huge error of 0.5 mag in 
iV corresponds to an error of only 0.016 mag in 
(V—I)). The scatter in (V—I) for all galaxies is 
approximately 0.04 mag. If we restrict ourselves 
to only bona-fide elliptical galaxies with the best 
measurements of mj (error less than 0.30 mag) 
and (V—I) (error less than 0.02 mag), the scatter 
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decreases slightly to 0.03 mag. Inasmuch as the 
median error of the (V—I) values used is 0.015 
mag, this means that the intrinsic scatter in the 
prediction of (V—I) from N may be as small as 
0.025 mag. This corresponds to an rms uncer- 
tainty of only 0.02 mag in E(B— V), which sug- 
gests that this is a promising way to measure 
extinctions. 

For example, by measuring the I fluctuations 
in a galaxy which is hidden behind 3 mag of ex- 
tinction, one could establish N independent of 
the extinction, derive (V—I)q with an accuracy 
of 0.025 mag, Mi with an uncertainty of 0.11 
mag, Aj with an accuracy of 0.04 mag, and hence 
an SBF distance which has an error of only 0.12 
mag from extinction. Although there is some co- 
variance in the final answer from the use of mi for 
both the intrinsic color and the distance modu- 
lus, the slope of (V—I) with N is so shallow that 
the covariance is very mild. 

The direct use of (V—I) to estimate Mj is 
operationally difficult both because of the sensi- 
tivity to dust extinction and also the necessity 
for very accurate photometry. Use of N eases 
these requirements considerably. 

In practice, this means that it is not necessary 
to go through (V—I) at all to estimate the abso- 
lute Mi, although some color information or es- 
timate of dust extinction is eventually necessary 
to get a distance modulus. In order to demon- 
strate how Mi depends on N we must once again 
resort to groups so that mi differs from Mi by 
only an offset. Figure |5| shows values for mi in 
eight groups as a function of N. The lines are 
all drawn using the SBF distance modulus to the 
group based on the (V—I) measure of Mi and 
the relation 

M/ = —1.74 + 0.14(77 — 20). (4) 

Again, there is some covariance between Mi de- 
rived this way and mj, but this correlation has 
such a shallow slope that a distance modulus de- 
rived this way will suffer little in accuracy. 

We do not want to suggest that use of N 
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Fig. 5. — The fluctuation magnitude mi for SBF 
galaxies in eight selected groups is shown as a 
function of Nj. The lines are not fitted to the 
data, but are drawn with a slope of 0.14 and 
zero points according to the SBF distance of the 
group derived from (V—I) and mj. 

should supplant the use of (V—I) to derive M/. 
Use of (V—I) has a solid basis on stellar popu- 
lations whereas N correlates with Mi for simi- 
lar reasons that elliptical galaxies fall on a fun- 
damental plane, and potentially has unpleasant 
systematic problems. Although the relation be- 
tween Mi and N shown in Figure || appears to 
track the relation between Mi and (V—I) in 
eight different groups, it would not be surpris- 
ing if the Mj—N relation has environmental or 
type dependencies. We offer N mainly as a sim- 
ple and easy way to get a fairly reliable distance, 
and believe that it is a worthy subject for study 
in its own right. For example, Figure || illus- 
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Fig. 6. — The velocity dispersion of elliptical 
SBF galaxies is shown function of Nj. 

trates the rather tight correlation between N and 
central velocity dispersion, tabulated by Prugniel 
and Simien (1996): 

log a = 2.22 + 0.10 (N - 20). (5) 

7. Lessons Learned and Future SBF Pos- 
sibilities 

The SBF Survey was an unexpectedly large 
project. We condensed a total of 7828 CCD 
frames taken over 65 observing runs to 2646 inde- 
pendent images, comprising a total of 1022 hours 
of exposure time. Unfortunately, most of the in- 
tegration time was spent on observations which 
eventually did not contribute to measurements of 
tbj. Either the seeing was superseded by a later 
observation or the time was spent on photome- 
try, as discussed below. The total observing time 
that resulted in the rnj measurements of Table 1 
amounted to only 370 hours. 

Figure [?] shows the distribution of seeing dur- 
ing these observations. 

Obviously, good seeing and high throughput 
are the keys to successful SBF measurements. If, 
for example, we were to take advantage of bet- 
ter seeing to redo the present survey, reaching 
pd = 1.3 by collecting 10 e~ per mj with a high- 
resistivity, near IR sensitive CCD and a wider- 




PSF (arcsec) 



Fig. 7. — The number of hours of exposure time 
is shown as a function of seeing for the observa- 
tions which eventually contributed to the tabu- 
lated values for rnj. 

bandpass, high throughput / filter (gaining us 
about a factor of two in sensitivity), we could 
redo the entire survey in about 100 hours on a 
2.4-m telescope. Furthermore, this set of would 
distance measurements would be a factor of two 
better, with a median error in mj of ~0.12 mag. 

Figure [8| shows the distribution of seeing we 
would require for this project. 

Another major lesson learned concerned pho- 
tometry. It is clear in hindsight that I-band SBF 
is very color sensitive, since the K and M giants 
that dominate the fluctuations are very red and 
have strong variations in (V-I) color. As a result, 
excellent photometry is mandatory for SBF. Our 
adopted program of "fitting in" photometric ob- 
servations into our mj observations was not ef- 
ficient. It would have been far better to devote 
all the good-seeing time on large telescopes for 
tbj measurements and collect all the photome- 
try on a few photometric, well-calibrated nights 
with a 1-m class telescope, with a common fil- 
ter and CCD. As discussed in SBF-I, we encoun- 
tered a particular problem calibrating I-band 
photometry with Tektronix CCDs which Sirianni 
et al. (1998) suggest is due to reflections from 
the mounting glass. This results in a large halo 
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Fig. 8. — The number of hours of exposure time 
is shown as a function of seeing for a new set of 
observations which would improve the error in 
mj to a median of 0.12 mag. 

around the psf which affects points sources (stan- 
dard stars) more than extended sources (target 
galaxies) . 

Finally, better software could have helped. We 
certainly learned how best to carry out SBF re- 
ductions throughout the project, but software 
which was more automated would have meant 
that improvements could be easily applied to al- 
ready reduced data. Some aspects of the soft- 
ware could stand improvement even today, par- 
ticularly galaxy fitting. Improved analytic mod- 
els of systems with embedded disks, for exam- 
ple, highly inclined SO galaxies, would doubtless 
add more galaxies with good SBF determina- 
tions, since removal of such large-scale features 
is essential for a good measurement of the power 
spectrum on smaller scales. Our software is avail- 
able on request to aid in the development of more 
refined SBF reduction packages. 

These lessons would have greatly eased and 
improved our ground-based /-band SBF survey 
that we spent a decade completing, but we also 
believe that the true potential of the SBF tech- 
nique lies ahead with new tools and applications. 
Our successful SBF observations have mostly 
been limited to galaxies with distances D < 40 



Mpc. With the increased aperture size and bet- 
ter delivered image quality of the new genera- 
tion of large telescopes it should be possible to 
push considerably further: in 0.4" seeing it will 
be straightforward to get excellent measurements 
out beyond 50 Mpc. This is an interesting range 
for measuring large scale flows, near enough that 
an individual measurement has very good accu- 
racy (< 200 kins" 1 ), yet far enough to sample 
more than our local volume. (We also note that 
the accuracy of the distances we present here is 
limited mostly by observing conditions; we be- 
lieve it would even be worthwhile to redo our sur- 
vey given far superior observing conditions. Fig- 
ure |8] is similar to the seeing distribution hoped 
for on the new generation of telescopes, and an 
aperture larger than 2.4-m would reduce the nec- 
essary exposure times proportionately. 

Recent improvements in size and characteris- 
tics in IR arrays have opened the door for the 
SBF technique. It is possible that the near-IR 
will ultimately prove more powerful: the ampli- 
tude of the SBF signal is 20-40 times larger, the 
seeing is usually much better, and dust in the 
target galaxy is less of a problem. On the other 
hand, the much brighter sky detracts from these 
advantages, and there are concerns about varia- 
tions in the stellar population, galaxy to galaxy, 
that may be more difficult to calibrate. Whereas 
the I-band is dominated by light from every main 
sequence star as it climbs the giant branch, in 
the K-band there is significant contribution from 
rarer AGB stars, which could make distance mea- 
surements sensitive to stochastic variations in 
intermediate-age populations. There is also sub- 
stantial doubt as to whether near-IR SBF mag- 
nitudes for elliptical galaxies are more than a 
one-parameter family. According to Blakeslee 
et al. (2000), the stellar population models indi- 
cate that, at low metallicities, near-IR SBF mag- 
nitudes depend mainly on age, while integrated 
color depend mainly on metallicity. At higher 
metallicities, the SBF amplitudes plateau, lead- 
ing to a more complicated relation between color 
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and M. Depending upon the mixture of ages and 
metallicities occurring in actual galaxies, this re- 
lation might or might not be a simple one. Thus, 
an accurate characterization of near-IR SBF for 
a large and diverse sample of galaxies could be 
extremely important from the standpoint of both 
stellar population and distance studies. 

The next generations of HST instruments (ACS, 
WFC3) should be superb for SBF surveys. The 
imaging quality of HST makes it possible to 
get good I-band SBF distances at 10,000 km s -1 . 
These new cameras will be much more sensitive 
in the red than WFPC2, so the exposure times 
will be shorter. The field of view will also be 
greater, giving more surface area for the mea- 
surement. Using the NICMOS camera SBF in 
the .ff-band can reach 10,000 km s -1 in a single 
orbit, and a modern IR array in WFC3 would be 
even faster and better. 

SBF has the potential to provide an accurate, 
unbiased chart of large-scale structure - - de- 
fined by mass rather than galaxies — closer than 
10,000 km s -1 . Apart from cosmological studies 
of Hq, large scale flows, local inhomogeneities, bi- 
asing of galaxy density with respect to mass, this 
will provide an important data for understand- 
ing the physics of galaxy formation by relating 
galaxy properties to the large-scale distribution 
of dark matter. No longer limited by our inabil- 
ity to convert fluxes and angles to luminosities 
and distances, we will add needed precision into 
studies of the history of star formation and struc- 
ture for the nearest galaxies, those that we can 
study best. 

It is with great sadness that we acknowledge 
the tragic death of our good friend and colleague 
Jeffrey Willick during the preparation of this pa- 
per. Jeff's contributions to the study of large- 
scale flows have been an important influence on 
our work; he will be sorely missed. 

We remain grateful to all our friends who have 
helped us collect these data over the years. Paul 
Schechter in particular has contributed many ob- 



servations and much advice. Discussions with 
Nick Kaiser about variance of variance were ex- 
tremely helpful. Thanks are due to Brian Barris 
for providing us with profile fits and magnitudes. 
This work was supported primarily by NSF grant 
AST9401519. 
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45 


1 
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.7 
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.4 





,8 
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1 


30 
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0. 


22 


1 


32 


.22 
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32 


0. 


,7 


1 


.4 


1 


,1 


2 


.41 


20.3 


N5638 
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-5 


68 
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1 
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3 
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23 


2 


32 
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.2 
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.5 


2 
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2 
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50 


1 


32 
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.7 
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2 
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.313 


3.960 
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1 
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0.017 


1 
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28 


1 


31 
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.7 


1 


.4 


1 


,7 


1 
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.232 
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1 
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1 


30 


70 


0. 


28 


1 


32 


.15 
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33 
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.3 


2 
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,8 


2 
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2178 


-5 


70 
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1 
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0.014 


2 


30 


97 


0. 


16 


1 


32 


.54 


0.18 


25 


0. 


.3 


2 


.7 


2 


,4 


1. 
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N5831 


226 


.030 


1.221 
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-5 


70 


0.26 


1 


.140 
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5 


30 


38 


0. 


15 


1 


32 


.17 


0.17 


18 


0. 


.3 


2 


.1 


3 


3 


1 


.14 


20.3 


N5839 


226 
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1420 


-2 


70 


0.23 


1 
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2 


30 


21 


0. 


30 


1 


31 


.77 
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32 


0. 


,7 


1 


.4 


4. 


,4 


1 


.24 
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N5845 


226 
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1.635 
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-5 


70 
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1 


.124 
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3 


30 


21 


0. 


19 


1 


32 


.07 


0.21 


14 


0. 


6 


2 


.4 


3 
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.83 


18.8 


N5846 


226 


.622 


1.607 


1917 


-5 


70 


0.24 


1 


.227 


0.007 


8 


30. 


59 





19 


1 


31 


.98 


0.20 


23 





.2 


3 


.3 


4. 


.2 


1 


.02 


22.0 


N5866 


226 


.626 


55.763 


754 
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0.06 


1 


.121 


0.009 


4 


29 


05 


0. 


10 


3 


30 


.93 


0.12 


38 


0. 


.6 


2 


.3 


5 


,8 





.87 


20.4 
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229 


.555 


-24.097 


2284 


-5 


71 


0.63 


1 


.169 


0.009 


5 


30 


67 


0. 


25 


1 


32 


.32 


0.26 


33 





4 


1 


.8 


2 


,9 


2 


12 


21.1 


N5903 


229 


.651 


-24.068 


2711 


-5 


71 


0.64 


1 


.142 


0.011 


4 


30. 


87 


0. 


22 


1 


32 


.65 


0.23 


24 


0. 


.3 


2 


.4 


1 


3 


2 


.28 


21.5 


11153 


239 


.265 


48.168 


803 


-2 





0.08 


1 


.197 


0.011 


3 


29 


75 





19 


2 


31 


.28 


0.21 


15 





.4 


2 


.9 


5 


.2 





.83 


18.4 


N6017 


239 


.314 


5.998 
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0.23 


1 


.092 


0.011 


2 


30 


37 


0. 


31 


1 


32 


.37 


0.31 


16 


0. 


,7 


1 


.4 


1 


3 


1 


.96 


18.5 


N6548 


271 


.496 


18.587 


2088 
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0.35 


1 


.244 


0.009 


3 
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50 


0. 


20 


2 


31 


.81 


0.21 


34 


0. 


6 


2 


.6 


1 


9 


1 


.77 


21.1 
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.279 


-62.297 
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-4 


78 


0.46 


1 


.189 


0.019 


1 
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61 





20 


1 


30 


.18 


0.23 
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6 


1 


.3 


3 


.2 


1 


.38 
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N6703 


281 


.829 


45.551 


2244 
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0.38 


1 


.164 


0.006 


9 
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45 


0. 


29 


3 


32 


.13 


0.29 
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.5 


2 


.0 


1 


3 


2 


.02 
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282 


.240 


-65.174 


846 
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0.29 


1 


.116 


0.015 


2 
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82 


0. 


22 


1 


30 


.72 


0.24 


72 


0. 


5 


1 


.1 


4. 


.8 


1 
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2544 


-4 
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0.34 


1 
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1 


30 


66 


0. 


18 


1 


32 


.24 
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.4 


1 


.8 


2 


1 


1 
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-5 


77 
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1 


.137 
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2 


30 
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13 


1 


32 


.33 
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.4 


3 


.0 


2 


,2 


1 
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-2 
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5 
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86 


0. 


21 


1 


32 
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20 
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.5 


2 


.0 


1 
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80 
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99 


0. 


19 


1 


32 
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20 


0. 


.4 


3 
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,7 
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-3 


80 
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1 
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2 
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35 


1 


32 
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0.36 
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.5 


1 


.9 


1 


,2 


2 
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.911 


-47.026 
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-4 


80 
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1 
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30 


63 


0. 


12 


2 


32 
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.4 


3 


.0 


1 


9 


2 
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-49.283 
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-5 


83 
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1 


.138 
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1 


31 


13 


0. 


46 


1 


32 


.92 


0.49 


32 


0. 


.5 


1 


.9 


1 


.4 


2 


.27 
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N7041 
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-3 


83 


0.17 


1 


.139 
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2 
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27 


0. 


18 


1 


32 


.05 


0.31 
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.4 


1 


.6 


3 


,2 


1 
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N7049 


319 


.751 
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-2 


83 
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1 
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0.033 


1 


30 
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0. 


15 


1 


32 


.38 


0.22 
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.5 


2 


.1 


2 


,8 


1 
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.056 


-42.540 
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-5 
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1 
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2 


30 


93 


0. 


18 


1 


32 


.55 
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29 


0. 


,2 


2 


.0 


3 


,7 


1 
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N7144 


328 
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-48.254 


1722 


-5 


84 


0.09 


1 
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0.009 


5 


30 


26 


0. 


10 


3 


31 


.95 


0.12 


33 


0. 


,2 


1 


.9 


3 


,1 


1 


.65 
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N7145 


328 


.334 


-47.882 


1673 


-5 


84 


0.09 


1 


.133 
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2 


30 


04 


0. 


19 


1 


31 


.85 


0.21 
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.3 


2 


.4 


2 


.5 


1 


.76 


20.1 


N7173 


330 


.515 


-31.974 


2225 


-4 


85 


0.11 


1 


.150 


0.017 


1 


30 


74 


0. 


16 


1 


32 


.48 


0.19 


21 


0. 


.3 


2 


.8 


2 


,8 


1 


.89 


19.9 


N7168 


330 


.530 


-51.742 
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-5 


102 


0.10 


1 


.184 
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2 


31 


14 


0. 


21 


1 


32 


.72 


0.24 


29 


0. 


.2 


2 


.0 


1 


,8 


2 


.36 
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.576 
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_2 
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0.14 
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4 


29 


34 


0. 


25 


2 


31 


.26 


0.26 


23 


o 


4 


I 


7 


3 


,7 


1 
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-3 
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0.14 


1 
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0.012 


2 


29 


45 


0. 


36 


1 


31 


.51 


0.37 


30 





.6 


1 


.3 


1 


,5 


2 


.18 
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N7196 
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-50.120 
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-5 
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1 
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2 
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80 


0. 


28 


1 


33 
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0.30 


31 


0. 


.2 


1 


.9 


2 


,5 


1 
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31 


26 


0. 


28 


1 
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2 
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0. 


19 


1 


31 


.88 


0.21 
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1 


28 
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.6 
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54 


0. 


.3 


2 


.2 


4. 
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0. 
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0. 
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348 


.032 


-28.541 
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1 
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4 
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0. 
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1 


31 
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3 
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2 


33 
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25 


0. 
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2 
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1 
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3 
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31 
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.6 


4. 


,1 
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2 
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11 


0. 


38 


1 


33 
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3 


2 
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2 
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Table 2 
Uncertain SBF Data 



Galaxy 


RA 


Dec 


VCMB 


T 


Grp 


A B 




(V 


-I) 






mj 






(to— 


M) 




(r) 






Q 




PD 


Nt 


N1331 


51.618 


-21.356 


1173 


-5 


31 


0.13 











29. 


73 





.32 


1 


31 


.80 


0.37 


21 


0.7 


1 


.4 


3 


.6 


1.65 


17.6 


N1521 


62.079 


-21.052 


4070 


-5 





0.18 


1. 
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0.029 


1 


32 


41 





.36 


1 


34 


.14 


0.38 


21 


0.3 


2 


.8 





.2 


2.81 


22.1 


N1700 


74.234 


-4.868 
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-5 
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0.19 


1. 
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0.011 


4 


31. 


54 





.14 


1 


33 


.23 


0.16 


26 


0.3 


2 


.2 





.6 


2.88 


21.7 


N3413 


162.838 
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-2 





0.10 


0. 
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0.015 


1 


27. 


.44 





.23 


1 


31 


.05 


0.24 


18 


0.5 


1 


.9 


4. 


,7 


0.78 
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30 
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.21 


1 


32 


.03 


0.28 


18 


0.5 


2 


.0 


3 


2 
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18.1 
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178.666 


-13.973 
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-5 
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0.20 


1. 
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0.023 


1 


30 


98 





.48 


1 


32 


.74 


0.49 


36 


0.4 


1 


.7 


0. 


.8 


2.85 


21.8 


N4168 


183.069 


13.207 
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-5 





0.16 


1. 
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0.015 


1 


30 


63 





.41 


1 


32 


.45 


0.42 


19 


0.6 


2 


.3 


-0 


.4 


2.31 


20.8 


N4233 


184.277 


7.623 


2726 


-2 
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0.10 


1. 


191 


0.015 


1 


31 


09 





.93 


1 


32 


.65 


0.94 


32 


0.7 


1 


.4 


-0 


.6 


2.43 


20.3 


N4281 


185.090 


5.387 


3089 


-1 
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0.09 


1. 
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0.015 


1 


30 


28 





.26 


1 


31 


.94 


0.28 


27 


0.3 


2 


.6 


-0 


.1 


2.22 


20.3 


N4627 


190.499 


32.575 


1102 


-5 


248 


0.07 


0. 


911 


0.015 


1 


27. 


04 





.13 


1 


29 


.86 


0.15 


27 


0.2 


1 


.6 


3 


.4 


1.32 


15.4 


N4767 


193.472 


-39.714 


3298 


-5 


58 


0.46 


1. 


175 


0.028 


2 


30 


.95 





.21 


1 


32 


.58 


0.25 


19 


0.3 


2 


.2 


1 


.0 


2.80 


20.8 


N5011 


198.216 


-43.097 


3371 


-5 


62 


0.43 


1. 


.189 


0.027 


1 


31. 


54 





.18 


1 


33 


11 


0.22 


22 


0.3 


2 


.7 





.9 


2.73 


22.0 


N5193 


202.973 


-33.235 


3932 


-5 


64 


0.24 


1. 


164 


0.034 


1 


30 


99 





.25 


2 


32 


.66 


0.29 


20 


0.3 


3 


.0 





.0 


2.91 


20.6 


N5869 


227.455 


0.470 


2314 


-2 


70 


0.23 


1. 


161 


0.014 


5 


30 


.28 


1 


.22 


1 


31 


.98 


1.22 


8 


0.7 


1 


.3 


-0 


.1 


2.24 


19.7 


N6702 


281.741 


45.707 


4600 


-5 





0.47 


1. 


149 


0.006 


8 


31 


.76 





.23 


1 


33 


.51 


0.24 


13 


0.4 


2 


.9 


0. 


A 


2.71 


21.1 


14943 


301.618 


-48.374 


2799 


-5 


80 


0.22 


1. 


133 


0.023 


2 


30 


67 





.15 


2 


32 


.48 


0.19 


15 


0.5 


1 


.9 


1 


.4 


2.80 


19.2 


N6868 


302.474 


-48.379 


2742 


-5 


80 


0.24 


1. 


230 


0.009 


4 


30 


76 





.24 


1 


32 


.14 


0.25 


26 


0.3 


2 


.3 





3 


2.77 


21.4 


15269 


344.425 


-36.017 


1846 


-2 


231 


0.07 











30 


.15 





.24 


1 


32 


.02 


0.30 


22 


0.7 


1 


.4 


1 


.8 


2.40 


19.1 


N7562 


348.989 


6.688 


3231 


-5 


87 


0.45 


1. 


187 


0.018 


1 


32. 


22 





.83 


1 


33 


.79 


0.84 


32 


0.7 


1 


.4 


0. 


2 


2.97 


22.0 
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Table 3 
SBF Color Data 



Galaxy 


(r) 


my 


m R 


mi 


(V-I) 


my- 


m R 


my- 


-mi 


N0147 




24.51 


0.09 


23.39 


0.09 


22.29 


0.09 


1.030 


1.12 


0. 


12 


2.22 


0.12 


N0185 




24.38 


0.11 


23.21 


0.09 


21.98 


0.08 


1.023 


1.18 


0. 


14 


2.40 


0.14 


N0205 


8 


23.72 


0.17 


23.22 


0.18 


22.26 


0.17 


0.845 


0.50 


0. 


24 


1.46 


0.24 


N0205 


16 


24.32 


0.16 


23.53 


0.10 


22.28 


0.08 


0.895 


0.79 


0. 


19 


2.04 


0.18 


N0205 


33 


24.60 


0.09 


23.60 


0.09 


22.35 


0.08 


0.965 


1.00 


0. 


12 


2.25 


0.12 


N0205 


66 


24.77 


0.08 


23.67 


0.08 


22.43 


0.08 


0.995 


1.10 


0. 


11 


2.34 


0.11 


N0205 


132 


24.77 


0.08 


23.67 


0.08 


22.45 


0.08 


0.985 


1.10 


0. 


11 


2.32 


0.11 


N0221 




25.43 


0.09 


24.20 


0.09 


22.84 


0.09 


1.139 


1.22 


0. 


12 


2.59 


0.12 


N0224 




25.51 


0.09 


24.53 


0.09 


22.96 


0.09 


1.233 


0.98 


0. 


12 


2.54 


0.12 


N0404 




28.13 


0.13 


26.99 


0.09 


25.48 


0.09 


1.063 


1.14 


0. 


16 


2.65 


0.16 
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Table 4 
SBF Groups 



Group 


Example 




uec 


Vh 




{ fTYt 1\/T\ 

(771 — 1V1 J 


D 


AT 
1 V 


LocalGroup 


N0224 


10.0 


41.0 


-300 


282 


24.48 0.05 


0.79 


0.02 


2 


Cetus 


N0636 


24.2 


-7.8 


1800 


26 


31.97 0.09 


24.8 


1.1 


5 


N1023 


N1023 


37.0 


35.0 


650 





30.00 0.11 


10.0 


0.5 


4 


Eridanus 


N1407 


53.0 


-21.0 


1700 


32 


32.00 0.08 


25.1 


1.0 


7 


Fornax 


N1399 


54.1 


-35.6 


1400 


31 


31.49 0.04 


19.9 


0.4 


26 


Dorado 


N1549 


63.7 


-55.7 


1300 


211 


31.34 0.08 


18.5 


0.7 


6 


M81 


N3031 


147.9 


69.3 


-40 


299 


28.01 0.12 


4.0 


0.2 


2 


LeoIII 


N3193 


153.9 


22.1 


1400 


45 


32.38 0.15 


29.9 


2.2 


2 


Leol 


N3379 


161.3 


12.8 


900 


57 


30.22 0.06 


11.1 


0.3 


5 


LeoII 


N3607 


168.6 


18.3 


950 


48 


31.69 0.08 


21.8 


0.9 


5 


UMa 


N3928 


180.0 


47.0 


900 


155 


30.84 0.10 


14.7 


0.8 


6 


N4125 


N4125 


181.4 


65.5 


1300 


54 


31.82 0.17 


23.1 


2.0 


3 


Comal 


N4278 


184.4 


29.6 


1000 


55 


31.07 0.10 


16.4 


0.8 


4 


N4386 


N4386 


185.6 


75.8 


1650 


98 


31.87 0.17 


23.6 


2.0 


3 


Virgo 


N4486 


187.1 


12.7 


1150 


56 


31.15 0.03 


17.0 


0.3 


31 


Comall 


N4494 


187.2 


26.1 


1350 


235 


31.14 0.09 


16.9 


0.8 


3 


Centaurus 


N4696 


191.5 


-41.0 


3000 


58 


32.64 0.08 


33.8 


1.4 


9 


N5011 


N5011 


197.5 


-42.8 


3100 


62 


33.28 0.14 


45.3 


3.1 


2 


CenA 


N5128 


200.0 


-39.0 


550 


226 


28.06 0.11 


4.1 


0.2 


2 


N5322 


N5322 


212.5 


57.0 


2000 


254 


32.29 0.15 


28.7 


2.2 


4 


N5846 


N5846 


226.0 


1.8 


1700 


70 


32.17 0.09 


27.1 


1.2 


5 


Telescopium 


N6868 


301.6 


-48.5 


2900 


80 


32.57 0.10 


32.7 


1.6 


5 


N7331 


N7457 


338.7 


34.2 


800 





30.60 0.14 


13.2 


0.9 


2 
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